Agonist and antagonist effects of nicotine on chick neuronal nicotinic receptors are defined by alpha and beta subunits.
1. Functional neuronal nicotinic receptors were reconstituted in Xenopus oocytes by the nuclear injection of different combinations of chick and rat cDNAs encoding alpha and beta subunits. The pharmacology of these nicotinic receptors was investigated using two-electrode voltage clamp. 2. The sensitivity of the chick alpha 3/beta 2, alpha 3/beta 4, and alpha 4/beta 2 receptors to acetylcholine (ACh) and neuronal bungarotoxin differed markedly, indicating that both subunits contribute to the pharmacological properties of the receptors. 3. Nicotine acted as an agonist on the chick alpha 3/beta 4 and alpha 4/beta 2 receptors and rat alpha 3/beta 2 receptor. In contrast, nicotine (at concentrations > 3 microM) was only a weak partial agonist of the chick alpha 3/beta 2 receptor. Moreover, nicotine coapplied with 3 microM ACh on the chick alpha 3/beta 2 receptor acted as a potent competitive antagonist, with an IC50 of 0.43 microM. No antagonist effect of nicotine could be revealed on the other nicotinic receptors. 4. The effect of nicotine was tested on hybrid receptors obtained by coinjection of chick and rat cDNAs encoding the alpha 3 and beta 2 subunits (yielding the rat alpha 3/chick beta 2 and chick alpha 3/rat beta 2 receptors). Nicotine (10 microM) strongly inhibited both hybrid receptors. 5. Chimeric subunits were constructed by exchanging a segment located in the extracellular N-termini of chick alpha 3 and alpha 4 subunits and chick alpha 3 and rat alpha 3 subunits. These subunits were coexpressed in oocytes with chick or rat beta 2 subunits. The effect of nicotine on these receptors pointed to the importance of a 15 amino acid stretch located 3' of the first transmembrane segment in the determination of the agonist and antagonist action of nicotine. 6. Within this 15 amino acid segment, a single residue differs in chick and rat alpha 3 subunits, at position 198, within the ligand binding site of alpha subunits. Gln198 of the rat alpha 3 subunit was replaced by Thr as found in the chick alpha 3 subunit, using site-directed mutagenesis. The mutant subunit was coexpressed with the rat beta 2 subunit, yielding receptors which were inhibited by nicotine. 7. It is concluded that both alpha and beta subunits not only alter considerably the sensitivity of the nicotinic receptor to agonists and antagonists, but also can turn an agonist into a potent antagonist of one receptor subtype.(ABSTRACT TRUNCATED AT 400 WORDS)